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(57) ABSTRACT

In a motor driving device, the currents supplied from a
driver (3) to three-phase coils (2) of a motor are made to flow
through a resistor (R), and the voltage appearing across this
resistor (R) 1s fed to the positive input terminal of a current
limiting circuit (8). The differential signal between this
voltage and a voltage (V) fed to the negative mput terminal
of the current limiting circuit (8) is fed as a voltage signal to
an OR circuit (9). Also an FG signal produced by a logic
circuit (8) to represent the rotational speed of the motor is
fed, through a speed discriminator (6) and a filter (7), as a
voltage signal to the OR circuit (9). The OR circuit (9) feeds
a voltage signal having a high level to a PWM comparator
(11), which produces a PWM signal and feeds it to the logic

5245256 A * 9/1993 Cassat et al. ............... 318/254 circuit (5). Thus, when the currents supplied to the three-
5384527 A * 1/1995 Rozman et al. ............... 322/10 phase coils (2) are about to exceed a limit, the currents are
2,481,167 A= 1/1996 Rohrbaugh et al. ......... 318/254 limited so as not to exceed the limit by the voltage signal
0,069,988 A : 1071996 Kokami et al. ............. 318/254 output from the current limit circuit (8). When the currents
g"%’g : ﬂ/ ggg gimemn """""""""" ggg/ ég j supplied to the three-phase coils (2) are within the limit, the
S 635810 A * 6?1997 Go?ll """""""""""""" 3 8§7 10 rotation speed of the motor 1s kept at a predetermined value
5783917 A * 7/1998 Takekawa ... 318/439 by the voltage signal output from the filter (7) through
5818179 A * 10/1998 Kokami et al. ............ 318254  control based on pulse-width modulation.
5,869,946 A 2/1999 Carobolante ................ 318/811
6,111,372 A * §/2000 Nishimura .................. 318/254 12 Claims, 8 Drawing Sheets
b
COMPARATOR |
4/ <
ul v| w 3
Y VvV v Al ]
w e
5 FG ul - t] 00
. SIGNAL vu
a LOGIC P :
P wu Vool CT
> wl_, 5 o~ JiN—
a1 PWM /
" SIGNAL CURRENT 2
E 11 LIMITING *
CIRCUIT
(D — + R
Z +
=
- @{
OSCILLATION|, 10 8 TV 4
CIRCUIT S § e
7
6 y = :
v ' Q2
SPEED N 20
. |DISCRIMINATOR o
L al
77 »

-------------------------------------------------------------------------------------------------------------

--------------------------------------------



U.S. Patent Apr. 23, 2002 Sheet 1 of 8 US 6,377,008 B1

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

A J COMPARATOR - |
3 I

= FG ul_,) f —00
SIGNALT toaic % l
' CIRCUIT |1 PRIVER ™ W

) v | CT |

. WV e

a4 PWM 4

% SIGNAL CURRENT 2

> LIMITING o

CIRCUIT

5 _

= |

= |

; i

(e
o0
AJ

|
OSCILLATION
CIRCUIT

—
O
5 7B
— —
_ — Q2
SPEED 2
DISCRIMINATOR o P
— 0
;}; 7P

L]
o
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll



U.S. Patent Apr. 23, 2002 Sheet 2 of 8 US 6,377,008 B1

FIG.2

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

TUT  wu TV  wu TWI

. ul TU2| vl

FIG.3




U.S. Patent Apr. 23, 2002 Sheet 3 of 8 US 6,377,008 B1

F1G.4

PWM SIGNAL

ua ——| D Q1

=B
09
—CLQ2
- ul
g —
V D Q1 = - L
l 57
CLQZ2

e

53 o8

wa D 01
CL_O2

TIMING PULSES

wu

wi

—FG SIGNAL



US 6,377,008 B1

Sheet 4 of 8

Apr. 23, 2002

U.S. Patent

FIG.5

B N R X

I SRR LN NREN)

LI N R R R A NN

Fdd &S

(X R S RETRERNERREEERSE LN ENEENENNSNHE,]

-..-_-_-_'.-i.-..-'l_-l_-.l_-_Ill.I.-l_rl..-_.-l

EFEIENRFRERRTFFFRFTRER

kb h P

7~
©

ciz=WREEs T = srsmlEE s

LR BB KRN E BN

I B R R EAE NENENNEERNEZS-NMJMIEH;MEH:H;}\.] LB A ENE XN NKE ]

P R N WA WA WA AR Y TR Y

LE N R RELELNR

L N RN R NN ]

I NN IR RIRTRRENRYS RR RSN ] NENNE |

I EE RS (D R R EENSREERRENE R AR LR RN E NENNRNEDN.]

kS EhEFELKTREED 'i..'l.l..l'.ll.-i_li.lr.l.IIl_l.l [ AN B RN B NRNE] LINEN

TR EELEAEAERIEEREEEE R R TR ] NN N

LR NN N RN NN RN NNNNN]

 E A EEEBREEERREREEEN (RAR BB E R RN RERLAEE R R RN ] SN0 N

e LR R E L 2 R R R EE T R E R E Y IR AR R RN T T N

| B R AR [EENLN AEREERERR NN N ERIEENLENNI] ELEN]

II_.II..I.IIl'itl"..*.’i.i'.-l--II.I..'II".'I.."I...'II.-.I

T T E LR E R R AT A T E T R E R rF Y TR YRR RRANBRREENE]I ZER AR ' RERRBEREEESENERNREERENRE LENRTHN.QJ.)

[ RN RN ERNTNE R EEEE S ESNERIT NERNJ] ii.—.ilI.-...i..l.ll...i.l.ii!.-_Fl_l_l-_li.l.ll_l_l_ll_llllllli.-ﬂiill

I_.FI.._..r-_llll-.._-.l_-.lll-_-_'-_-_.-ti.i.-[-!-_!il-i-.lllii LB AN AR LN ERREL N NERNERLESNEERSJENES, .-_.r.!.-_.-..__.-.-.'.___r'.-..-._-_.__ﬁ_-_.-_i.-.

[ E NN ENERERN]

LB N R B.E RN BN ENEEREEREJ ] AN

LE R N BN N RN

LI B N B B N

sensvaranbrbabprrpsdipriniaanannnaas

[ R EN AR EENRREELNNN.}

[ E Y R R L L E T T E R E N R I AN EA Y

E A kdd B d hdd i EEw b

iprisepepesississiesisnlivelisnlicll & F ¥ ¥ ko B e AR RER SR

XA ERE NE R NN EENEIRE.]

[i.i.ii.iill'llil'lllll

)

(

YA REREENRREYRREAN " JEERJENSEERNIAENE] RELELER LERLNEJNNEESLLEJNELHJ]

LA A R R IR NENERNEDNLERSEHR.

I EERE RTINS EREERER RN

I A TR B E N B TR B ke h

BFETN FENYEFREYFEEEY R

[ A A R AR N Y

L. L BN KN NNERZLEHMNJES.}.]
'-Il-III-I.-F-I'_

L AN R AR LN R e s s R LR R R LR

)

(

Dol g Bm o B b e e o B B ol Bk o bl e bW ok wkw ks w

TN
C
P

x.......
O

(L a e ey " - - NERNEENRENENRNNENLNN. .-.iﬁI'.Ii_‘Il_III'I-.. FhaN+FERERAD

ErE R EEFEFEEEEEE R

LR E N R L BN LN B N EBKEN

LA N RN LEENERLNEELJNELEJEJN)

bt bbb d Rk

LA N N R L NNENENNELRNENE.] BE NBENTEEMNEIHNRIESH;NHEHM.;

YRR R FNEEREREEE REN IR ER B E NN NRENNEN SNBSS "IN NN EENLENEENNNMNIENRNER LN L BN B

[ R N NN N ENNERNREZJRIHNEHNS.!]

L EE N ER RN RANENERRR]l EERRER BN ENELNNENLZSJINEHNEJLH:SS:)

I R R R RN N FEE R R R E RN N SRR AN AN E R R R NN AR SRR EEE] RS |

iriiiiliiiilllii~ilft__itdiililf#rili?r I TN ENNEN N SNRNNN N A AN EEERRRERRAR] RERRER B EEBEN_LENEZJLE.

l.-_.-..-l..-l.-_.-.iiIII...-__#.ii.-'i..i..-l..-li.fi..- LILELE R LR e L

LR R RN o U BB L A

LA N NN LENENELRNREDRHENIHEHEZJ.H®.IHM.)

liiliilii-tiilli'llllk.liil L R R N R

LI B L L B N ]

P gl
0
g

e a2 xy R ENRLENENLEJ.H:.)

+4EN LR R R R LR N ENE.;

LR E LR E L BN N RN N

- E AR E RN AN N R
"RAR I EXEEENENE R
rRwE ETEIT A EERER"

ilnhoh b FhREh b

LA N N K E N I K NN

o
-
O




U.S. Patent Apr. 23, 2002 Sheet 5 of 8 US 6,377,008 B1

(a)

(b)

(c)

T o

i (f)

L
|
»
|

HI%IIHIHI\HIII%IIIIHIHII

|
L
[ 3
»
»
-y
L N |
-
[ N |
-
& =
-3
r +




U.S. Patent Apr. 23, 2002 Sheet 6 of 8 US 6,377,008 B1




U.S. Patent Apr. 23, 2002 Sheet 7 of 8 US 6,377,008 B1

FIG.8A
SICIE:SAL I I : :l L———l

REFERENCE . | REFERENGCE .

PERIOD PERIOD

ACCELERATING | [‘ I |
PULSES

---------------------------------------------------------------------------------------------------------------------------------------------

F1G.8B

—» REFERENCE.__; .5 REFERENGE!

PERIOD : :REFERENCE: i PERIOD
—  PERIOD —

DECELERATING| |
PULSES




U.S. Patent

T
©
g

LA A AR ERERERLLELLESN.)

ok Ry

TEYETEEETRATFTIRTRRRD

[ O O N N

L R BN NN

R R F N NN R T RN RN

LE N E N ENTIERENNENNENHNES:..NE]

LI B B B B B N W N

LR LR ERE R R AN EN NN

¥ FEEFEERR R ARLES

TTFETEFF RS FEENNENNNEEAAEA

FIG.9

(b)

[ E N NN NN N ENEY] L N N RN NN EN NN NENENNN}

LA R B RN NN NNERNHE, LA RN R BEREEEENRNENNRTHE.]

FEEFEFERFENUNENGER 1dd4d44% 2kt bk d bk bkkddrenn

EREBEERERAAEESTD L A E A ERERNEREEENERNEREN]

LR N BN [ AN N R RN RN R R N NN N]

LA L BL B L L B 79 R REFFFETRNRNENENNA

LA R LN L L ELERNE) L N N NN N NN NENEERINEIMEISEHRERSH:.]

"TTYPYTYTENFFEET S4949FEFESEEREREL

Bk bERadaREEE LB NN E N ERENNNENNNE'N'

HEEELARETTEEEEA YRR S FEFEEFEFERFFRE

LN B BB NEEBEENRIR] mrwFr e " FEEEBEEERERERN

LA R B R EEEREEEERNNERERERRERNENNNNN:] hhbkian

lﬁii"ii##illhhbhttitt FEEEESEYWYETTY

I E RN RN ESEEENE N NN N NEN RN EY] TR

SIGNAL

TORQUE
CONTROL

Apr. 23, 2002

(e)

CURRENT LIMITING
CIRCUIT 8 OUTPUT

L]
L]
L]

*EERERERLEGRRN L EEREREN SR AN EEN NN RN NERNN
A RN LR ERNEEREERERENLNN] l A E N AL RN NEENRENERRERRERERER,]

LA AL LB RN L LA AR R RSN RERRERERRRRERENRE:

LB L BEREREERENEENENENESNN) LA RN NN NN NREERENRNERERRHNSHSEHNZSERISEHNISEHNH:E.]

)

\/

TTYYT TR EEEFEYTAYY FFEENENARETITEEAAER AR AR R R

/A

L B R EENERENRZNNEHMNHJEH;] L. N N R K] LA N ENE R EENRENNNNN RN N

Sheet 8 of 8

LE R X |

\/

LI L N N R S RN LA B BN N NN N R L N N N N NN N

/\

LE R RN R ENNENELRNN.] LE R R NEERNERNERMSSEEREN LEENNNENNNENEHMNHENIR.]

v
jup

[ A B NN ENEERNENELENDN] L E R E RS BN N SR EFEENRTEYE (BT RN EBEENEERI]

/\

LA S NEREEEENENE] L EREEERE R NN R EEEERNE (FEENERERNERNENNN]

\/

R REFERAAS * kit ragyy LE N N N N K REIREN-NEHE]

LRI R NN N LE R NN N NN L RREELRNERLE.! TR FEEFREARAFE

v

PWM SIGNAL l— ‘ ‘

TTT¥TEFRFRY *EFEFRFEINERARNITAAEAEE TS L N R BB NN ]

TTTTHEEEFETYF LA N N RN EEEBNEENERERERIERLNE LENNNNNERNNERNRSNHN.]

"YYTYTFEY

L

L3I I

L N N NN

AR NN

A

US 6,377,008 B1

N N L
e e’ N

FEFYFFEINRNRNNEES LE B N N N 8 3 |

ryhdAAy *FFFTFFFINENER LR R R ERESLRRRRRE AEEEEENE
-
rehw [AEEERLLERR R RN EE NN EESEEEANENR AREERERREE
-‘
LR E E R X I LR R R R R AR ENEN]| EEERNNERLELERNX] TSN EFEFERE
LE g l IR ER NN RN ERE | FYEYNFENNERE LYY [ IR R NEN N
[ L LAl B R R R R R ERN]| BELLLELERNENNRETS..J] FEERERRRE
=
LE R K LR ALIERNRNNERREERE EXXELIEREERRENE X AN EEEERE
'E RN FEFULGEEREEESEAE ABRL4AREFEEFNAE R TYEFEELE
=
(A A NI R RN RN RS TRER! R R YT RN EXES2I0D] TR REN

‘s

*EE R ‘ I E R LR EEBNENNENERERNEER] RN SEEBE S SN ERERENDN] LEE XX NN NN
alk IR R R RS ERERREERRR] RASES SN RN NENERR] LE R ELLEJR)

A

4BENR LERERLEREEREILIERR] RERESELEEEENRNERER]

LN ] HEdd4d bk dddbhddits

‘;

LB L R R E NE

V

a . LE RN R NERRERENIEJNJNNH}) "R EFFEREEREEEEA **+ % rTrOeSNY

B Bl B Bk ook LE L E NN NN ]

V

LE R E RN NN ENNENYENJ.] L AR RN R EENREERNEEYR) tkFrrridw

LN I LR R R R LN LN NN NN LB R RN EY NN ENREN] I RN ENY NN
- & L E R EREREERNE ENENENNN) L A AR RN ER EXEENE NN I E R EREEYN]
LR X [ EREREEREN LN NN D] R A E R R E R EIREN] TEFNEEREFN
» I I R R Y R RN NN RENS DD R R R EE LT E LR X I TR RN
[} L L RN RN R R R ENENERN] LEREENENEENEEERRERNN.] TR RE R EEY
au [ RN N AN NNNEENELENNRRN] RERRLS RS RN NN NN [ AR RN REE ]
LN ] ‘ LA R R R R RN L BLEARRERR] A AL L ANNEERREREDRER,; I IR R ERNE

4AEEAEEIEEEREEESEEEd I T I EE LT EI TR I T Y NERANRE]
[ I L AR E R R R R R R R R R EE R R R R R R E R E TSRS R R R B I TR R RER]

/

A

A

A

TTTY

FIG.10

LE B R EER] EENBERNNERNRENERR.SNHN.! L E E R BN N W]

LA A R R LE] LENRBEBERENENNNELES.NN.) aTETEYNTN

AR R RENRRREEALEALE AR RN RESEREAEERD S RN LA R R A L & 2 J

L ENEREREREENNRYRNER] EENENERRERERRENEN] LI R NN

\

LR A BN L R A LERRLEELESDE] LA BB LEREREERLLE! TREFRRETR

FEf R I AN RS SEREREEEETES EEEERE RIS ENEEEERESS LI E N N NN N ]

\

LA AL R LARLELERENNNDELS; LA AL RERERRRNE L LD *HSFEFEEN

LE A N B E BERRENLLILENRERNTHNMN.] B RN RN AN ENERENNEN.! I E R N BN RN

\

T F*FTYT7YEYTYYPRBRFESFEEEAENEER LR B N BN S hEEER L RS

LA AR EEREENENLNEELENHNN] LA BB R R EREERENEZNN] AN EEEEEN

\

*EEFESFF I TEERFEENNENERN T EEEREEY I EEEEEE L]
I‘, FEFFEU NN NN NTNNN NN EEREEE T IR R IR E N E SR EETE L
LA N N R R L L LN NN NN LR ER] AR L L LA ERERERELRNER,] INEENEEw



US 6,377,008 Bl

1
MOTOR DRIVING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a motor driving device for
driving a DC brushless motor as used 1n a drive apparatus for
magnetic disks, optical disks, magneto-optical disks, and the

like.
2. Description of the Prior Art

As one conventionally known type of motor driving
device for driving a DC brushless motor, a motor driving
device of a sensorless type 1s used that detects the rotation
position of the rotor of a brushless motor by exploiting the
back electromotive forces appearing individually in the
three-phase coils provided in the brushless motor. Such a
sensorless motor driving device converts the currents fed to
those three-phase coils 1nto a voltage signal, and, on the
basis of this voltage signal, performs pulse-width modula-
tion. The resulting pulse-width-modulated signal 1s used to
control a driver that supplies the three-phase coils with
currents. Here, if the driver 1s controlled by directly using
that signal, 1t 1s not possible to detect the back electromotive
forces appearing 1n the three-phase coils during time periods
in which that signal are off. To avoid this, it 1s necessary to
control the driver by using a signal obtained by smoothing
the pulse-width-modulated signal with a filter or the like.

This 1nconvenience 1s overcome 1n the motor driving
device proposed 1n Japanese Patent Application Laid-Open
No. H8-223970. In the motor driving device proposed in this
Japanese Patent Application Laid-Open No. H8-223970, the
currents supplied to the three-phase coils are detected by
using a detection resistor, and, on the basis of the voltage
signal appearing across this detection resistor, pulse-width
modulation 1s performed. Then, the resulting pulse-width-
modulated signal 1s fed back to a logic circuit to achieve
desired control.

Thus, 1n the motor driving device proposed 1n Japanese
Patent Application Laid-Open No. HS8-223970, control
based on pulse-width modulation 1s achieved through feed-
back of the currents supplied to the three-phase coils.
However, here, control based on pulse-width modulation 1s
exercised directly, and therefore the currents supplied to the
three-phase coils are 1ncessantly turned on and off. Thus, to
achieve control based on pulse-width modulation through
feedback of those currents, 1t 1s 1nevitable to use a filter
circuit to smooth the voltage signal obtained from those
currents.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a motor
driving device that controls the rotation speed of a motor 1n
accordance with a signal produced on the basis of the back
clectromotive forces appearing in motor coils,

To achieve the above object, according to the present
invention, a motor driving device 1s provided with: a driver
for rotating a brushless motor by feeding currents to the
motor coils provided, one for each phase, in the motor; and
a speed detector for detecting the rotation speed of the motor
by exploiting the back electromotive forces appearing in the
motor coils . Here, the rotation speed of the motor is
controlled by feeding a voltage signal output from the speed
detector back to the driver after modulating the voltage
signal by pulse-width modulation.

In this motor driving device configured as described
above, for example when the load imposed on the brushless
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2

motor 1s light and the torque required by the motor 1s low,
it 1s possible to control the motor through feedback based on
its rotation speed.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other objects and features of the present mven-
tion will become clear from the following description, taken
in conjunction with the preferred embodiments with refer-
ence to the accompanying drawings in which:

FIG. 1 a block diagram showing the internal configuration
of the motor driving device embodying the invention;

FIG. 2 1s a circuit diagram showing the internal configu-
ration of the driver provided in the motor driving device

shown 1n FIG. 1;

FIG. 3 1s a circuit diagram showing the internal configu-
ration of the comparator provided i1n the motor driving

device shown 1n FIG. 1;

FIG. 4 1s a circuit diagram showing the internal configu-
ration of a portion of the logic circuit provided 1n the motor
driving device shown in FIG. 1;

FIG. 5§ 1s a timing chart showing the operation of the
motor driving device shown 1n FIG. 1;

FIG. 6 1s a timing chart showing the relationship between
the signals that are synchronous with the PWM signal and
the PWM signal 1tself, and showing the signals output from
the D flip-flops;

FIG. 7 1s a timing chart showing the operation of the logic
circuit shown 1n FIG. 4;

FIG. 8 15 a timing chart showing the operation of the speed
discriminator;

FIG. 9 1s a timing chart showing the operation of the
current limiting circuit; and

FIG. 10 1s a timing chart showing the operation of the
PWM comparator.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described with reference to the drawings. FIG. 1 1s a
block diagram showing the internal configuration of the
motor driving device embodying the invention. The motor
driving device 1 shown 1n FIG. 1 has a driver 3 for supplying
drive currents to three-phase coils 2 of a brushless motor, a
comparator 4 for comparing the voltages at the contacts U,
V, and W of the three-phase coils 2 with the voltage at the
center contact CT so as to produce three signals u, v, and w,
and a logic circuit § for producing an FG signal, whose
period represents the rotation speed of the motor, on the
basis of the signals u, v, and w output from the comparator
4 so as to control the driver 3.

Moreover, the motor driving device 1 also has a speed
discriminator 6 for producing error pulses from the FG
signal output from the logic circuit 5, a filter 7 for producing
a voltage signal used as a speed control signal from the error
pulses output from the speed discriminator 6, a resistor R for
detecting the currents flowing through the three-phase coils
2 and converting them into a voltage signal, a current
limiting circuit 8 for detecting the voltage appearing across
the resistor R and comparing 1t with a predetermined value
V so as to output a differential voltage, an OR circuit 9 for
delivering whichever 1s higher between the voltage signal
from the filter 7 and the voltage signal from the current
limiting circuit 8, an oscillation circuit 10 for producing a
triangular wave and timing pulses for pulse-width
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modulation, and a PWM comparator 11 for producing a
PWM signal by performing pulse-width modulation by
comparing the triangular wave from the oscillation circuit 10
with the voltage signal from the OR circuit 9. Thus, the
motor driving device 1 1s so configured as to control the
rotation speed of the brushless motor through feedback and
also limit the currents flowing through the three-phase coils

2.

In this motor driving device 1 configured as described
above, as shown 1 FIG. 2, the driver 3 1s composed of a
pnp-type transistor TU1 and an npn-type transistor TU2 both
having their collectors connected to the contact U of the
three-phase coils 2, a pnp-type transistor TV1 and an npn-
type transistor TV2 both having their collectors connected to
the contact V of the three-phase coils 2, and a pnp-type
transistor TW1 and an npn-type transistor TW2 both having
their collectors connected to the contact W of the three-
phase coils 2. The transistors TU1, TV1, and TW1 receive,
at their emitters, a supply voltage, and the transistors TU 2,
TV2, and TW2 have their emitters connected through the
resistor R to ground. The transistors TU1, TV1, TWI1, TU2,
TV2, and TW2 receive, at their bases, signals uu, vu, wu, ul,
vl, and wl, respectively, from the logic circuit 3.

Moreover, as shown 1n FIG. 3, the comparator 4 has a
comparator 41 that receives the voltages appearing at the
contact U and the central contact CT of the three-phase coils
2 and that outputs a signal u, a comparator 42 that receives
the voltages appearing at the contact V and the central
contact CT of the three-phase coils 2 and that outputs a
signal v, and a comparator 43 that receives the voltages
appearing at the contact W and the central contact CT of the
three-phase coils 2 and that outputs a signal w. These signals
u, v, and w are affected by the voltages that appear as back
clectromotive forces in the three-phase coils 2 as the cur-
rents flowing therethrough vary, and thus the phases of these

signals u, v, and w are delayed by approximately 30° as
shown 1n FIG. 5.

Moreover, as shown in FIG. 4, the logic circuit 5 has D
flip-flops 51, 52, and 53 that receive, at their mnput terminals
D, signals ua, va, and wa, respectively, that are obtained by
delaying the signals u, v, and w from the comparator 4 by
approximately 30° with delay circuits (not shown) or the
like, a NAND circuit 54 that outputs a signal uu, an AND
circuit 55 that outputs a signal ul, a NAND circuit 56 that
outputs a signal vu, an AND circuit 57 that outputs a signal
vl, a NAND circuit 58 that outputs a signal wu, an AND
circuit 59 that outputs a signal wl, and an exclusive OR
circuit 60 that outputs the FG signal.

In this logic circuit §, the D flip-flops 51, 52, and 53
receive, at their clock terminals CL, timing pulses from the
oscillation circuit 10. The NAND circuit 54 receives its
inputs from the output terminal Q1 of the D flip-flop 51 and
the output terminal Q2 of the D flip-tlop 52, and the AND
circuit 55 receives 1ts mputs from the output terminal Q2 of
the D flip-flop 51 and the output terminal Q1 of the D
flip-flop 52. The NAND circuit 56 receives its mputs from
the output terminal Q1 of the D flip-flop 52 and the output
terminal Q2 of the D flip-tlop 53, and the AND circuit §7
receives 1ts 1nputs from the output terminal Q2 of the D
flip-flop 52 and the output terminal Q1 of the D flip-tlop 53.

The NAND circuit 38 receives its inputs from the output
terminal Q1 of the D flip-tlop 53 and the output terminal Q2
of the D flip-flop 51, and the AND circuit 59 receives its
inputs from the output terminal Q2 of the D tlip-flop 53 and
the output terminal Q1 of the D tlip-flop 51. Moreover, the
NAND circuits 54, 56, and 58 and the AND circuits 55, 57,
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and 59 also receive the PWM signal output from the PWM
comparator 11. The exclusive OR circuit 60 receives its

inputs from the output terminals Q1 of the D flip-tlops 51,
52, and 53.

Configured as described above, this motor driving device
1 operates as follows. First, suppose that the motor driven by
the motor driving device 1 1s operating normally. The driver
3 supplies currents to the three-phase coils 2 1 such a way
that a current as shown at (a) in FIG. § flows from the contact
U to the contract CT, a current as shown at (b) in FIG. §
flows from the contact V to the contract CT, and a current as
shown at (¢) in FIG. § flows from the contact W to the
contract CT. It 1s to be noted that, 1n reality, these currents
fed to the three-phase coils 2 are pulse-width-modulated,
and are thus fed to the three-phase coils 2, as shown at (b)

in FIG. 6, in synchronism with the PWM signal shown at (a)
in FIG. 6.

These currents fed from the driver 3 cause voltages to
appear at the contacts U, V, and W, and the comparators 41,
42, and 43 provided 1n the comparator 4 compare those
voltages with the voltage at the contact CT and output
voltage signals u, v, and w as shown respectively at (d), (¢),
and (f) in FIG. § to the logic circuit 5. It 1s to be noted that,
in reality, these voltage signals u, v, and w are pulse-width-
modulated, and are thus fed to the logic circuit 5, as shown

at (¢) in FIG. 6, in synchronism with the PWM signal shown
at (a) in FIG. 6.

These voltage signals u, v, and w are, after having their
phases delayed by approximately 30° by delay circuits (not
shown) provided in the logic circuit 5, fed, as voltage signals
ua, va, and wa, to the input terminals D of the D flip-tlops
51, 52, and 53. These voltage signals ua, va, and wa are
signals having phases delayed by 30° relative to the voltage
signals u, v, and w, and thus, in reality, have a waveform as
shown at (d) in FIG. 6. Here, the D flip-flops 51, 52, and 53
also receive, at their clock terminals CL, a timing clock as
shown at (e) in FIG. 6, described later, from the oscillation
circuit 10.

The D flip-flops 51, 52, and 53 operate 1n synchronism
with the timing clock as shown at (¢) in FIG. 6, and thus they
each latch a voltage signal as shown at (d) in FIG. 6 and then
output it as a voltage signal as shown at (f) in FIG. 6 via their
output terminals Q1. The signal that the D flip-flops 51, 52,
and 53 each output via their output terminals Q2 1s as shown
at (g) 1n FIG. 6, 1.e. an inverted version of the signal shown

at (f) in FIG. 6.

Now, suppose that the D flip-tlops 51, 52, and 53 output,
via their output terminals Q1, signals as shown respectively
at (a), (¢), and (e) in FIG. 7 and, via their output terminals
Q2, signals as shown respectively at (b), (d), and (f) in FIG.
7 , and 1n addition that, at this time, the PWM signal fed
from the PWM comparator 11 1s as shown at (g) in FIG. 7.
Then, the signals uu, ul, vu, vl, wu, and wl are as shown
respectively at (h), (1), (3), (k), (1), and (m) in FIG. 7, and the
FG signal output from the exclusive OR circuit 60 1s as
shown at (n) in FIG. 7. Also in FIG. 5, the timing of the
signals uu, ul, vu, vl, wu, and wl and of the output of the
exclusive OR circuit 60 is shown at (j), (k), (1), (m), (n), (0),
and (p) therein. It is to be noted that the timing shown at (),
(k), (1), (m), (n), (0), and (p) in FIG. 5 does not take the

PWM signal ito consideration.

These signals uu, ul, vu, vl, wu, and wl are fed to the
driver 3 so as to be used to operate the previously-mentioned
transistors provided in the driver 3. In this way, the currents
fed to the three-phase coils 2 are controlled. Here, if, for
example, the signals uu, ul and wl are at a low level and the
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signals vu, vl and wu are at a high level, the transistors TU1
and TV2 are turned on. Accordingly, in the three-phase coils
2, a current Hows from the contact U via the contact CT to
the contact V. That 1s, when the signal uu, vu, or wu 1s at a
low level, the transistor TU1, TV1, or TW1, respectively, 1s
turned on, and thus a current flows from the contact U, V, or
W, respectively, to the contact CT 1n the three-phase coils 2;
when the signal ul, vl, or wl 1s at a high level, the transistor
TU2, TV2, or TW2, respectively, 1s turned on, and thus a
current flows from the contact CT to the contact U, V, or W,
respectively, 1n the three-phase coils 2. It 1s to be noted that,
since the D flip-flops 51, 52, and 53 provided 1n the logic
circuit 5 operate 1in synchronism with the timing pulses, the
signals that they output via their output terminals Q1 and Q2
are synchronous with the trailing edges of the timing pulses.
However, since the period of these timing pulses 1s very
short as compared with the signals on which the individual
circuit elements operate, in FIGS. 5 and 7, the signals
appearing at the output terminals Q1 and Q2 are regarded as
shifting their levels substantially 1n synchronism with the
signals ua, va, and wa.

Now, the operation of the speed discriminator 6 that
receives the FG signal produced by the exclusive OR circuit
60 as described above and the operation of the filter 7 will
be described. First, how the speed discriminator 6 and the
filter 7 operate when, as shown 1 FIG. 8A, the rotation
speed of the brushless motor 1s low and thus the period of the
FG signal 1s longer than a reference period will be described.
In the speed discriminator 6, a level shift of the FG signal
from a high-impedance state to a high level triggers com-
parison of the period of the FG signal, as counted with a
counter (not shown) or the like, with a reference period.

In this case, the period of the FG signal 1s longer than the
reference period, and therefore an accelerating pulse 1is
produced that has a pulse width equal to the reference period
subtracted from the period of the FG signal. This acceler-
ating pulse 1s a pulse that turns from a high-impedance state
to a low level, and therefore, every time this accelerating
pulse 1s produced by the speed discriminator 6, a current
flows from the filter 7 into the speed discriminator 6, and
thereby decreases the voltage of the voltage signal output
from the filter 7.

Next, how the speed discriminator 6 and the filter 7
operate when, as shown 1n FIG. 8B, the rotation speed of the
brushless motor 1s high and thus the period of the FG signal
1s shorter than the reference period will be described. In the
speed discriminator 6, a level shift of the FG signal to a high
level triggers comparison of the period of the FG signal, as
counted with a counter (not shown) or the like, with a
reference period.

In this case, the period of the FG signal 1s shorter than the
reference period, and therefore a decelerating pulse 1s pro-
duced that has a pulse width equal to the period of the FG
signal subtracted from the reference period. This decelerat-
ing pulse 1s a high-level pulse, and therefore, every time this
decelerating pulse 1s produced by the speed discriminator 6,
a current flows from the speed discriminator 6 into the filter
7, and thereby increases the voltage of the voltage signal
output from the filter 7.

On the other hand, the current limiting circuit 8 compares
the voltage appearing across the resistor R as a result of the
currents supplied from the driver 3 to the three-phase coils
2 flowing therethrough with a predetermined voltage V used
as a limit voltage, and outputs the difference of those two
voltages. Here, as shown at (a) in FIG. 9, the voltage
appearing across the resistor R and fed to the positive input
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terminal of the current limiting circuit 8 1s synchronous with
the PWM signal. However, at the positive input terminal of
the current limiting circuit 8 1s provided a capacitance,
which acts to hold the peaks of the voltage appearing across
the resistor R and thereby turns it into a voltage signal as
shown at (b) in FIG. 9. Thus, from this voltage signal as
shown at (b) in FIG. 9 and the voltage V fed to the negative
input terminal of the current limiting circuit 8, the current
limiting circuit 8 produces a differentially amplified voltage
signal as shown at (¢) in FIG. 9 and feeds it to the OR circuit

9

In this way, through the OR circuit 9, whichever has the
higher voltage of the voltages fed from the filter 7 and from
the current limiting circuit 8 1s fed to the positive 1nput
terminal of the PWM comparator 11. In addition, a triangu-
lar wave as shown at (a) in FIG. 10 is fed from the oscillation
circuit 10 to the negative mnput terminal of the PWM
comparator 11. As described previously, this oscillation
circuit 10 also feeds the logic circuit § with timing pulses.
These timing pulses are, as shown at (b) in FIG. 10, so
produced as to have ftrailing edges at the peaks of the
triangular wave shown at (a) in FIG. 10 and have high-level
periods sufficiently longer than low-level periods.

Now, suppose that the OR circuit 9 outputs a voltage
signal as shown at (a) in FIG. 10. Then, a PWM signal is
produced, as shown at (c¢) in FIG. 10, in such a way as to
remain at a high level during periods 1n which the triangular
wave 15 higher than this voltage signal output from the OR
circuit 9, and the thus produced PWM signal 1s fed to the
logic circuit 5. Accordingly, the higher the voltage signal
output from the OR circuit 9, the lower the currents supplied
from the driver 3 are made, and, the lower the voltage signal
output from the OR circuit 9, the higher the currents
supplied from the driver 3 are made.

Moreover, at the peaks of the triangular wave output from
the oscillation circuit 10, 1.e. at the trailing edges of the
timing clocks, the signals ua, va, and wa, which are syn-
chronous with the PWM signal, individually turn to a high
level. Thus, the D flip-flops 51, 52, and 53, receiving at their
input terminals D the signals ua, va, and wa and operating
in synchronism with the trailing edges of the timing clock,
latch the high-level portions of the signals ua, va, and wa and
output them via their output terminals Q1.

In this motor driving device 1 operating as described
above, when the load imposed on the brushless motor that 1s
being driven 1s light, the currents fed to the three-phase coils
2 are low, and therefore it never occurs that the voltage
appearing across the resistor R exceeds the limit voltage V.
Accordingly, 1n this case, in accordance with the voltage
signal output from the filter 7, the currents fed from the
driver 3 to the three-phase coils 2 are controlled so that the
rotation speed of the motor 1s controlled.

By contrast, when the load imposed on the brushless
motor that 1s being driven 1s heavy, the currents fed to the
three-phase coils 2 are high, and therefore it sometimes
occurs that the voltage appearing across the resistor R
exceeds the limit voltage V. Accordingly, in this case, even
when the rotation speed of the motor as detected by the
speed discriminator 6 1s low, 1f the voltage appearing across
the resistor R 1s higher than the limit voltage V, 1n accor-
dance with the voltage signal output from the current
limiting circuit 8, the currents fed from the driver 3 to the
three-phase coils 2 are limited.

It 1s to be understood that, in a motor driving device
according to the present invention, the driver and the logic
circuit may be configured 1n any other manner than specifi-

cally shown in FIGS. 2 and 4.
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As described above, according to the present invention,
when the load imposed on a brushless motor that 1s being fed
with currents 1s low and the currents fed to the motor coils
are lower than a limit value, it 1s possible to control the
rotation speed of the motor 1mn accordance with a signal
produced on the basis of the back electromotive forces
appearing 1n the motor coils; on the other hand, when the
load 1mposed on a brushless motor that 1s bemng fed with
currents 1s high and the currents fed to the motor coils are
about to exceed a limit value, it 1s possible to prevent the
currents from becoming higher than the limit. Moreover,
since control of the rotation speed 1s achieved not by directly
feeding the currents fed to the motor coils back to the input
of a frequency varying means, 1t 1s no longer necessary to
use, and thus 1t 1s possible to eliminate, a phase compensa-
fion device as 1s conventionally required to achieve such
current feedback.

What 1s claimed 1s:
1. A motor driving device comprising:

a driver for rotating a brushless motor by feeding currents
to motor coils provided, one for each phase, in the
motor; and

a speed detector for detecting rotating speed of the motor
with a comparator that compares voltages appearing as
back electromotive force m each phase of the motor
colls with a voltage appearing at the center contact of
the motor coils,

wherein the rotation speed of the motor 1s controlled by
feeding a voltage signal output from the speed detector
back to the driver 1n a rectangular wave form after
modulating the voltage signal by pulse-width modula-
tion.

2. A motor driving device as claimed in claim 1,

wherein the speed detector comprises:

a speed detecting circuit for detecting the rotation speed
of the motor by exploiting the back electromotive
forces appearing in the motor coils;

a speed discriminator for comparing the rotation speed
detected by the speed detecting circuit with a pre-
determined rotation speed; and

a voltage signal generating circuit for producing the
voltage signal 1n accordance with a comparison
result of the speed discriminator.

3. A motoring device comprising:

a driver for rotating a brushless motor by feeding currents
to motor coils provided, one for each phase, in the
motor; and

a speed detector for detecting rotation speed of the motor
by exploiting back electromotive forces appearing 1n
the motor coils;

wherein the rotation speed of the motor 1s controlled by
feeding a voltage signal output from the speed detector
back to the driver after modulating the voltage signal
by pulse-width modulation;

wherein the speed detector includes:

an exclusive OR circuit that receives, assuming that the
motor 1includes n-phase motor coils, n voltage signals
obtained by delaying phases of voltage signals rep-
resenting the back electromotive forces appearing 1n
the n-phase motor coils individually by (180/2n)°
and that outputs a voltage signal whose period rep-
resents the rotation speed of the motor;

a speed discriminator for comparing the period of the
voltage signal output from the exclusive OR circuit
with a predetermined reference point so as to pro-
duce a pulse signal for increasing or decreasing the
rotation speed of the motor; and
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a filter circuit for converting the pulse signal output
from the speed discriminator 1nto the voltage signal.
4. A motor driving device as claimed 1n claim 3,

wherein, when the rotation speed of the motor 1s low, the
exclusive OR circuit outputs a voltage signal whose
per1od 1s longer than the reference period, and then the
speed discriminator outputs an accelerating pulse hav-
ing a first voltage level and having a pulse width equal
to the reference period subtracted from the period of the
voltage signal output from the exclusive OR circuit, so
that the voltage signal output from the filter circuit is
decreased, and

wherein, when the rotation speed of the motor 1s high, the
exclusive OR circuit outputs a voltage signal whose
per1od 1s shorter than the reference period, and then the
speed discriminator outputs a decelerating pulse having
a second voltage level higher than the first voltage level
and having a pulse width equal to the period of the
voltage signal output from the exclusive OR circuit
subtracted from the reference period, so that the voltage
signal output from the filter circuit 1s increased.

5. A motor driving device comprising:

a driver for rotating a brushless motor by feeding currents
to motor coils provided, one for each phase, in the
motor;

a speed detector for detecting rotation speed of the motor
by exploiting back electromotive forces appearing in
the motor coils so as to produce a first voltage signal 1n
accordance with the rotation speed of the motor;

a current detector for detecting the currents fed to the
motor coils so as to produce a second voltage signal for
limiting the currents when the currents are higher than
a predetermined value; and

a voltage signal selector for selecting one of the first
voltage signal output from the speed detector and the
second voltage signal output from the current detector
on a basis of which one of the first and second voltage
signals 1s higher than the other,

wherein, when the currents fed to the motor coils are
smaller than the predetermined value within which the
currents should be limited, the first voltage signal
selected by the voltage signal selector 1s modulated by
pulse-width modulation and 1s fed back to the driver so
that the rotation speed of the motor 1s controlled, and

wherein, when the currents fed to the motor coils are
higher than the predetermined value within which the
currents should be limited, the second voltage signal
selected by the voltage signal selector 1s modulated by
pulse-width modulation and 1s fed back to the driver so
that the currents fed to the motor coils are limited.

6. A motor driving device as claimed in claim 5,

wherein the speed detector comprises:

a speed detecting circuit for detecting the rotation speed
of the motor by exploiting the back electromotive
forces appearing in the motor coils;

a speed discriminator for comparing the rotation speed
detected by the speed detecting circuit with a pre-
determined rotation speed; and

a voltage signal generating circuit for producing the
first voltage signal 1n accordance with a comparison
result of the speed discriminator.

7. A motor driving device as claimed 1n claim 35,

wherein the speed detector comprises:
an exclusive OR circuit that receives, assuming that the
motor 1ncludes n-phase motor coils, n voltage signals
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obtained by delaying phases of voltage signals rep-
resenting the back electromotive forces appearing in
the n-phase motor coils individually by (180/2n)°
and that outputs a voltage signal whose period rep-
resents the rotation speed of the motor;

a speed discriminator for comparing the period of the
voltage signal output from the exclusive OR circuit
with a predetermined reference period so as to pro-
duce a pulse signal for increasing or decreasing the
rotation speed of the motor; and

a filter circuit for converting the pulse signal output
from the speed discriminator into the first voltage
signal.

8. A motor driving device as claimed 1n claim 7,

wherein, when the rotation speed of the motor 1s low, the

exclusive OR circuit outputs a voltage signal whose
per1od 1s longer than the reference period, and then the
speed discriminator outputs an accelerating pulse hav-
ing a first voltage level and having a pulse width equal
to the reference period subtracted from the period of the
voltage signal output from the exclusive OR circuit, so
that the first voltage signal output from the filter circuit
1s decreased, and

wherein, when the rotation speed of the motor 1s high, the

exclusive OR circuit outputs a voltage signal whose
per1od 1s shorter than the reference period, and then the
speed discriminator outputs a decelerating pulse having
a second voltage level higher than the first voltage level
and having a pulse width equal to the period of the
voltage signal output from the exclusive OR circuit
subtracted from the reference period, so that the first
voltage signal output from the filter circuit 1s increased.

9. A motor driving device as claimed 1n claim 5,
wherein the current detector comprises:

a resistor for converting the currents flowing through
the motor coils into a voltage;

a comparator for comparing the voltage appearing
across the resistor with a predetermined voltage so as
to output the second voltage signal when the voltage
appearing across the resistor 1s higher than the pre-
determined voltage.

10. A motor dniving device as claimed 1n claim 9,
wherein the speed detector comprises:

a speed detecting circuit for detecting the rotation speed
of the motor by exploiting the back electromotive
forces appearing in the motor coils;
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a speed discriminator for comparing the rotation speed

detected by the speed detecting circuit with a pre-
determined rotation speed; and
a voltage signal generating circuit for producing the

first voltage signal in accordance with a comparison
result of the speed discriminator.

11. A motor driving device as claimed in claim 9,

wherein the speed detector comprises:

an exclusive OR circuit that receives, assuming that the
motor 1ncludes n-phase motor coils, n voltage signals
obtained by delaying phases of voltage signals rep-
resenting the back electromotive forces appearing in
the n-phase motor coils individually by (180/2n)°
and that outputs a voltage signal whose period rep-
resents the rotation speed of the motor;

a speed discriminator for comparing the period of the
voltage signal output from the exclusive OR circuit
with a predetermined reference period so as to pro-
duce a pulse signal for increasing or decreasing the
rotation speed of the motor; and

a filter circuit for converting the pulse signal output
from the speed discriminator into the first voltage
signal.

12. A motor driving device as claimed 1n claim 11,

wherein, when the rotation speed of the motor 1s low, the

exclusive OR circuit outputs a voltage signal whose
per1od 1s longer than the reference period, and then the
speed discriminator outputs an accelerating pulse hav-
ing a first voltage level and having a pulse width equal
to the reference period subtracted from the period of the
voltage signal output from the exclusive OR circuit, so
that the first voltage signal output from the filter circuit
1s decreased, and

wherein, when the rotation speed of the motor 1s high, the

exclusive OR circuit outputs a voltage signal whose
per1od 1s shorter than the reference period, and then the
speed discriminator outputs a decelerating pulse having
a second voltage level higher than the first voltage level
and having a pulse width equal to the period of the
voltage signal output from the exclusive OR circuit
subtracted from the reference period, so that the first
voltage signal output from the filter circuit 1s increased.
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